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EPD- 105 VOLUME I1 Forward 

FOR WORD 

This volume contains a detailed computer listing of the RA-5 JPL Standard trajectories 
at injection and lunar impact. Trajectories for each launch day and launch azimuths of 93, 
102, and 11 1 degrees a r e  presented. These trajectories differ from those generated by Space 
Technology Laboratories and an explanation and comparison is presented. 
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SECTION I 

INTRODUCTION 

The information contained in this document is presented to provide a reference for tra- 
jectory characteristics in a complete computer program output format. 
ard Trajectories d i f f e r  from the trajectories used for targeting purposes as shown in Tables 
111-1 to 111-4 and explained in Section 11. 

The RA-5 JPL Stand- 

I- 1 
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SECTION 11 

EXPLANATION OF TABLES 111-1 TO 111-4 

The trajectory conditions tabulated under "JPL" a r e  taken from the RA-5 trajectories 
designed by the Je t  Propulsion Laboratory (JPL) using approximate preinjection trajectory 
characteristics to achieve the impact conditions outlined in paragraph G, Section I, Refer- 

ence 1. Impact conditions from these 3PL trajectories w e r e  specified to Space Technology 
Laboratories, Incorporated (STL) as design criteria for the STL launch to impact targeting 
trajectories (ref. 2). 

conditions. 
These STL trajectories were generated with simulated actual flight 

Trajectory conditions from the STL targeting trajectories a r e  tabulated under 
"STL". 

The impact conditions of the STL targeting trajectories a r e  not the exact desired im- 
However, the differences a r e  small when compared with those which may pact conditions. 

result from inaccuracies in the over-all guidance system. For all expected flight conditions, 
the midcourse maneuver is designed to correct the actual flight trajectory to achieve the 
desired impact conditions. 

The STL targeting trajectories best represent the actual flight injection conditions while 
the J P L  standard trajectories best represent the actual flight impact conditions. Except for 
inertial speed, the coordinates of injection a re  all relative to a rotatingEarth. Path angle is 
measured from the geocentric local horizontal plane and azimuth angle is measured in the 
geocentric local horizontal plane eastward from true north. 
positive north of the Earth's equator and geocentric longitude is measured positive east of 
Greenwich meridian. Except for inertial speed, the coordinates of impact a r e  relative to a 
rotating Moon, 
azimuth angle is measured in the selenocentric local horizontal plane eastward from the sele- 
nocentric north direction. 
The geocentric latitude and longitude a r e  as defined above except for the probe at impact. The 
miss  parameters B .T and B. R a r e  defined in the nomenclature. 

Geocentric latitude is measured 

Path angle is measured from the selenocentric local horizontal plane and 

The selenocentric latitude and longitude a r e  defined in figure 35. 

11- 1 
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Table IV- 1. RA-5 Trajectory Constants 

The following constants and conversion factors a r e  used in all 
trajectory computations for RA-5 mission. 

GMSVN 1.32715445 x 10” Km3/Sec2 

%ENUS 3.247695 x 15 Km3/Sec2 

G M ~ ~ ~ ~  3.986032x Id Km3/%2 

G M E ~ ~ ~ - ~ ~ ~ ~  4.03503 x IO5 Km3/Sec2 

G M ~ ~ ~ ~  4.900759 lo3 ~ m ~ / s e ~ ~  
GMMARS 4.257780~ lo4 ~ m ~ / ~ e ~ ~  

G M ~ ~ ~ ~ ~ ~ ~  1.267106 x 10’ Km3/ Sec2 

MASS &!& 408645 

MASS= 81.335 

SUN 332951.3 MASS 

MASS * 328908 

M A s s a  3,088, Ow 

MASS* 1047.39 

Equatorial Radius of  Earth 

1 a.u. 

Ellipticity of Earth V298.3 

Earth Potential Function: 

6378.165 Kilometers 

1.495990 x IO’ Kilometers 

Where R Geocentric Distance J = 1.62345 x 

B Geocentric Latitude H = -575 x 

D = .7875  IO-^ 
Conversion from Feet to Meters 

Atmospheric Model 1959 ARDC 

Sidereal Rotation Rate of Earth 4.1780742 x Deg/Sec 

Vniversol Constant of Gravitation 

Speed of  light 

Mean MDcn Radius 1738.09 Kilometers 

Mwn Moments of Inertia 

Abu t  Principal Axis 

.3048 

6.671 x IO-” Km3/Kilogmm Set' 
2.997925 x Id Km/Sec 

A =  .88746x lg9 Kg Kilometer? 

B = A8764 x IOz9 Kg Kilometers2 

C = .88801 x lg9 Kg Kilometers’ 

The m n  and sun p i t i o m  are obtained from 
the ioint JPL-STL ephsmerides. For purposes 
of converting into kilometera, the conversion 

Lunar and Solar Ephemerides I 
factor. are: 

1 O.U. = 1.495990~ IO’ Kilorneten 
1 e.r. = 6378.165 Kilometers 

Geometrical Earth & d e l ,  used in Clarke Spheroid of 1866 
locating tracking and lmnching a = 6378.2064Km 
facilities upm the Earth. b2 = 6356.5838 IGn 

e = 0.006768657997291 
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Table IV-2. RA-5 Trajectory Key 

COLUMN 1 2 3 4 5 6 
ROW 

1 GME J H D RE REM 
GROUPA 2 G A B C OME AU 

3 GMM GMS GMV GMA GMB GMJ 

INJECTION CONDITIONS TARGET JULIAN DATE MONTH DAY, YEAR HR. MIN. SEC. 

GROUPB 4 GEOCENTRIC XO YO ZO DXO DYO DZO 
CARTESIAN GMC SGC TO GHA GHO 

TIME PAST INJECTION 

GEOCENTRIC 

6 X Y 
7 R DEC 

GROUPC 8 R LAT 
9 XS YS 

10 XM YM 
1 1  XT YT 
12 RS VS 
13 GED ALT 
14 DUT DT 

GEOCENTRIC 

EPOCH OF PERICENTER PASSAGE 

15 SMA 
16 VH 

GROUPD 17 TA 
18 wx 
19 QX 
20 sxo 
21 BX 
22 8 . T  

HELIOCENTRIC 

23 X 
24 R 
25 XE 

GROUP E 26 XT 
W LTE 
28 EPS 
29 MPS 
30 EPT 
31 SET 
32 GCE 
33 REP 

SELENOCENTRIC 

34 X 
35 R 

GROUPF 36 R 
37 LTS 
38 ALT 
39 HGE 

SELENOCENTRIC 

ECC 
c3 
EA 

WY 
QY 

SYO 
BY 

B.R 

Y 
L A T  
YE 
YT 

LOE 
ESP 
MSP 
ETP 
STE 

GCT 
VEP 

Y 
DEC 
LAT 
LNS 
SHA 
SVL 

EPOCH OF PERKENTER PASSAGE 

40 S M A  ECC 
41 VH c3 

GROUP G 42 TA EA 
43 wx WY 
44 QX QY 
45 sxo SYO 
46 SXI SYI 
47 BX BY 
48 B.T 8 .  R 
49 OP1 OY 
M BTE BRE 
51 GP IR 

JULIAN DATE MONTH DAY, YEAR HR. MIN. SEC. 

EQUATORIAL COORDINATES 

z DX DY DZ 
RA V PTH A2 

LON VE PTE AZE 
ZS DXS DYS DZS 
L M  DXM DYM DZM 
ZT DXT DYT DZT 
RM VM RT VT 
LOS RAS RAM LOM 
DR SHA DES DEM 

CONIC ORBITAL B ' T AND 8 ' R EQUATORIAL COORDINATES 

JULIAN DATE 

INC 
c 1  

MA 
wz 
QZ 

SZO 
BZ 

B 

z 
LON 

ZE 
ZT 

LTT 
SEP 

SMP 
TEP 
EST 
SIP 

Z 
RA 

LON 
LTE 
ALP 

HNG 

LAN 
SLR 

DAO 
PX 
RX 
TX 

MX 
PER 

DX 
V 

DXE 
DXT 
LOT 
EPM 
SEM 
TPS 

RPM 
CPT 

DX 
V 

VR 
LNE 
DR 

SIA 

MONTH DAY, YEAR HR. MIN. SEC. 

APF RCA 
APO TFP 
RAO MTA 

PY PZ 
RY RZ 
N TZ 

MY MZ 
OMD NOD 

EQUATORIAL COORDINATES 

DY DZ 
PTH .. AZ 
DYE DZE 
DYT DZT 
RST VST 
EMP MEP 
EMS ESM 
TSP STP 
RPT SPN 
SIN 

EQUATORIAL COORblNATES 

DY DZ 
PTH AZ 
PTR AZR 

DP ASD 

CONIC ORBITAL B ' T AND B ' R EQUATORIAL COORDINATES 

JULIAN DATE 

INC LAN 
C1 SLR 
MA DAO 
WZ PX 
QZ RX 
szo DAO 
SZI TX 
BZ Mx 

B PER 
OP2 
BTO BRO 
THA 

MONTH DAY, YEAR HR. MIN. SEC 

APF RCA 
APO TFP 
RAO MTA 

PY PZ 
RY RZ 

RAO TF 
N TZ 

MY Mz 

GROUPH 52 XOCTAL YOCTAL ZOCTAl XOCTAL YOCTA t O C T A l  
53 YYMMDDDHH TTSSSSS SOCTAL 
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GROUP A 

ROW 1 

ROW 2 

ROW 3 

GROUP B 

ROW 4 

GEM 

J 
H 
D 
RE 
REM 

G 
A 

C 
OME 
AU 

GMM 
GMS 
GMV 
GMA 
GMB 

GMJ 

xo 

xo 
DXO 
DYO 1 
DZO 

Table IV-3. RA-5 Trajectory Key Definitions 

Universal gravitational constant times the mass of Earth 
(Km /Sec 1. 
Coefficient of the second harm-onic in the Earth's potential function. 
Coefficient of the third harmonic in the Earth's potential function. 
Coefficient of the fourth harrronic in the Earth's potential function. 
Earth radius (Kilometers). 
Conversion factor for converting lunar ephemerides into Kilometers, 
1 e. r. = 6378.150 Kilometers. 

3 2  

Universal constant of gravitation (Km 3 /Kgm Sec 2 ). 

Moments of inertia about principal axis for the Moon (Kg Km 2 ), 

Sidereal rotation rate of the Earth (Deg/Sec). 
Astronomical unit (Kilometers). 

3 2  
Universal gravitational constant times the mass of Moon (Km /Sec ). 

Universal gravitational constant times the mass of Sun (Km /See 1. 

3 2  
Universal gravitational constant times the mass of M a r s  (Km /Sec 1. 
Universal gravitational constant times the mass of Earth-Moon 
(Km /Sec ). 
Universal gravitational constant times the mass of Jupiter (Km /Sec 1. 

3 2  

Universal gravitational constant times the mass ofVenus (Km 3 2  /Sec 1. 

3 2  
3 2  

Injection conditions are vernal equinox Cartesian coordinates in a 
geocentric equatorial system. 
vernal equinox direction of date and the principal plane ( X Y )  is the 
equatorial plane of date. 
spin axis of date. 

4 

The principal direction (X) is the 

z' is along the direction of the Earth's 

Cartesian components of the probe radius vector (Kilometers). 

Cartesian components of the probe space-fixed velocity vector 
(Kilometers / Second). 
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Table IV-3 (Cont'd) 

* 
ROW 5 GMC Elevation angle of probe spin axis, C ,  measured with respect to 

local horizontal (Degrees). 
Azimuth angle of probe spin axis, C, measured east of true north 
(Degrees). 
Time of injection in seconds past midnight of day before launch 
(Seconds). 
Hour angle of Greenwich at injection epoch (Degrees). 
Hour angle of Greenwich a t  midnight of day before launch (Degrees). 

-t 

SGC 

TO 

GHA 
GHO 

GROUP C Inertial position and velocity of the probe, Sun, Moon and target 
body in a geocentric equatorial system. The principal direction 
(X) is the vernal equinox direction of date and the principal plane 
(Xu) is the equatorial plane of date. 2 is along the direction of the 
Earth's spin axis of date. 
included. 

+ 

Miscellaneous parameters are also 

Cartesian components of the probe radius vector (Kilometers). 
ROW 6 

Z 

Cartesian components of the probe space-fixed velocity vector 
(Kilometers /Second). 

DZ 

ROW 7 R Probe radius distance (Kilometers). 
DEC Probe declination angle (Degrees). 
RA 
V 
PTH 

Probe right ascension angle (Degrees). 
Probe space-fixed velocity (Kilometers /Second). 
Pitch angle of the probe space-fixed velocity vector with respect 
to the local horizontal (Degrees). 
Azimuth angle of the probe space-fixed velocity vector measured 

east of true north (Degrees). 
AZ 
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Table IV-3 (Cont'd) 

ROW8* R Probe radius distance (Kilometers). 
LAT Probe geocentric latitude (Degrees). 
LON Probe east longitude (Degrees). 
VE 
PTE 

Probe Earth-fixed velocity (Kilometers /Second). 
Pitch angle of the probe Earth-fixed velocity vector with respect 

to the local horizontal (Degrees). 
Azimuth angle of the probe Earth-fixed velocity vector measured 

east of true north (Degrees) 
AZE 

] zs 
DXS 
DYS 
DZS 

Cartesian components of the Sun radius vector (Kilometers). 
ROW 9 

Cartesian components of the Sun space-fixed velocity vector 
(Kilometers /Second). 

ROW 10 XM 
Cartesian components of the Moon radius vector (Kilometers). 

ZM 
DXM 

DYM 1 (Kilometers/Second). 
DZM 

Cartesian components of the Moon space-fixed velocity vector 

ROW 11 XT 
Cartesian components of the target radius vector (Kilometers). 

YT ZT I 
DXT 

DYT] (Kilometers /Second). 
DZT 

Cartesian components of the target space-fixed velocity vector 

* These a r e  Earth-fixed spherical coordinates in a geocentric equatorial system. 
principal direction x is directed towards Greenwich and is the intersection of the merid- 
ian plane of Greenwich with the equatorial plane. 
geometrical equatorial plane (x y). 
north direction. 

The 
4 

The principal plane is the Earth's 
4 

z is along the direction of the Earth's geometrical 

IV-42 



EPD- 105 VOLUME I1 Section IV 

ROW 12 

ROW 13 

ROW 14 

GROUP D 

ROW 15 

ROW 16 

RS 
vs 
R M  
VM 
RT 
VT 

GED 
ALT 
LOS 

RAS 
RAM 
LOM 

DUT 
DT 
DR 
SHA 
DES 
DEM 

SMA 
ECC 
INC 
LAN 
APF 
RCA 

VH 
c 3  
c1 
SLR 
APO 
T F P  

Table IV-3 (Cont'd) 

Sun radius distance (Kilometers). 
Sun space-fixed velocity (Kilometers /Second). 
Moon radius distance (Kilometers). 
Moon space- fixed velocity (Kilometers). 
Target radius distance (Kilometers). 
Target space-fixed velocity (Kilometers /Second). 

Geodetic latitude of the probe (Degrees). 
Altitude of the probe above the earth's surface (Kilometers). 
Longitude of the sun in coordinate system defined in Group B 
(Degrees). 
Right ascension of the sun (Degrees). 
Right ascension of the moon (Degrees). 
Longitude of the moon in coordinate system defined in Group B 

(Degrees). 

Ephemeris time minus Universal Time (Seconds). 
Adams-Moulton step size (Seconds). 
Radial velocity of probe (Kilometers /Second). 
Sun shadow parameter (Kilometers). 
Declination of the sun (Degrees). 
Declination of the moon (Degrees). 

Characteristics of the earth conic in the geocentric equatorial 
system described under Group B. 

Semi-major axis (Kilometers). 
Eccentricity. 
Inclination of the orbit plane to the equatorial plane (Degrees). 
Longitude of the ascending node (Degrees). 
Argument of pericenter (Degrees). 
Magnitude of the closest approach vector (Kilometers). 

Hyperbolic excess speed (Kilometers/Second). 
Twice the energy (vis viva energy integral, Kilometers /Second 1. 

Semi-latus rectum (Kilometers). 
Apogee distance (Kilometers). 
Time from pericenter passage (Seconds). 

2 2 

Angular momentum (Kilometers 2 /Second). 
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ROW 17 

ROW 18 

ROW 19 

ROW 20  

ROW 2 1  

TA 
EA 
MA 
DAO 
RAO 
MTA 

wz 
PX 

PZ 

R Z  

sxo 

szo 
TX 

TZ 

BZ 

MZ 

Table IV-3 (Cont'd) 

True anomaly (Degrees). 
Eccentric anomaly (Degrees). 
Mean anomaly (Degrees). 
Declination of the outgoing asymptote (Degrees). * 
Right ascension of the outgoing asymptote (Degrees). * 
Maximum true anomaly (Degrees). 

Components of a unit vector normal to the conic 

Components of a unit vector in the direction of perigee. 

Components of a unit vector perpendicular to the perigee direction, 
vector P, and being in the orbit plane 6 = %x s. H 

4 

Components of the unit vector R. * 

4 

Components of the unit vector %* along the direction of the outgoing 
asumptote. 

Components of the unit vector T'. * 

4 

Components of the impact parameter B (Kilometers). * 

Components of a unit vector which l ies in the orbit plane 
4 

R 4 

and is normal to the radius vector R. $I = ??x - 
IZ 1 

See nomenclature. 
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Table IV-3 (Cont'd) 

-4 M 

ROW22 29% 

5. R' 

Projection of the impact parameter B upon the vector T 

(Kilometers). ::: 
Projection of the impact parameter B upon the vector R 
(Kilometers). $6 
The magnitude of the impact parameter (Kilometers). :: 

-4 -4 

B 

PER Period ( Minutes 1. 
OMD 
NOD 

Rate of change of argument of perigee (Degrees/Day). 
Rate of change of right ascension of the ascending node 
(Degrees /Day). 

;ROUP E 

R0w23 Z 

DZ 

ROW24 R 
LAT 
LON 
V 
PTH 

AZ 

Inertial position and velocity of the probe, Sun, Moon, and 

target body in a heliocentric equatorial system. 
principal direction (X)  is the vernal equinox direction of 
date and the principal plane ( X Y )  is the equatorial plane of 
date. 2 is along the direction of the Earth's spin axis of 
date. Miscellaneous parameters are also included. 

The 
4 

Cartesian components of the probe radius vector 
(Kilometers). 

Cartesian componenets of the probe space-fixed velocity 
vector (Kilometers /Second). 

Sun-Probe radius distance (Kilometers). 
Probe celestial declination (Degrees). 
Probe celestial right ascension (Degrees). 
Probe space-fixed velocity (Kilometers /Second). 
Pitch angle of the probe space-fixed velocity vector with 
respect to the local horizontal (Degrees). 
Azimuth angle of the probe space-fixed velocity vector 
measured east of t rue north (Degrees). 

:% See nomenclature. 
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Table IV-3 (Cont'd) 

ROW 25 XE 
Cartesian components of the earth radius vector (Kilometers). 

YE 1 ZE 
DXE Cartesian components of the earth space-fixed velocity 

vector (Kilometers/Second). 
DZE 

DXT ) Cartesian components of the target space-fixed velocity 
DYT 1 vector (KilometersISecond). 
DZT 

ROW27 LTE 
LOE 
LTT 
LOT 
RST 
VS T 

ROW28 EPS 
ESP 
SEP 
EPM 
EMP 
MEP 

ROW 29 MPS 
MSP 
SMP 
SEM 
EMS 
ESM 

Celestial latitude of the earth (Degrees). 
Celestial longitude of the earth (Degrees). 
Celestial latitude of the target (Degrees). 
Celestial longitude of the target (Degrees). 
Sun- Target Range (Kilometers). 
Sun- Target Velocity (Kilometers /Seconds). 

Earth- Probe-Sun angle (Degrees). 
Earth-Sun-Probe angle (Degrees). 
Sun-Earth- Probe angle (Degrees). 
Earth-Probe-Moon angle (Degrees). 
Earth- Moon- Probe angle (Degrees). 
Moon-Earth-Probe angle (Degrees), 

Moon- Probe-Sun angle (Degrees). 
Moon-Sun-Probe angle (Degrees). 
Sun- Moon- Probe angle (Degrees). 
Sun-Earth- Moon angle (Degrees). 
Earth- Moon-Sun angle (Degrees). 
Earth-Sun-Moon angle (Degrees). 
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ROW 30 

ROW 31 

ROW 32 

ROW 33 

GROUP F 

ROW 34, 

EPT 
ETP 
TEP 
TPS 
TSP 
STP 

SET 
STE 
EST 
R P M  
RPT 
SPN 

GCE 
GCT 
SIP 
CPT 
SIN 

REP 
VEP 

35 

Table IV-3 (Cont'd) 

Earth- Probe- Target angle (Degrees). 
Earth- Target-Probe angle (Degrees). 
Target-Earth-Probe angle (Degrees). 
Target- Probe- Sun angle (Degrees 1. 
Target -Sun- Probe angle (Degrees). 
Sun- Target-Probe angle (Degrees). 

Sun-Earth- Target angle (Degrees). 
Sun- Target- Earth angle (Degrees). 
Earth-Sun- Target angle (Degrees). 
Moon-Probe Radius distance (Kilometers). 
Target-Probe Radius distance (Kilometers). 
Sun-Probe-near limb of Earth angle (Degrees) 

Clock angle of the Earth (Degrees). 
Clock angle of the target (Degrees). 
Sun-Probe-near limb of target angle (Degrees). 
Canopus-Probe-Target angle (Degrees). 
Canopus-Probe-near limb of target angle (Degrees). 

Earth-Probe-Radius distance (Kilometers). 
Probe-Space-fixed velocity relative to Earth (Kilometer/Second) 

Inertial position of probe i n  a selecocentric equatorial 

system. 
direction of date and the principal plane ( X u )  is the geo- 
metric equatorial plane of date. Z is along the direction 
of the Earth's spin axis of date. 

+ 
The principal direction (XI is the vernal equinox 

-4 

ROW 36 through Selenocentric-fixed spherical coordinates of the probe, 
Sun and Earth in a selenocentric equatorial system. 
principal direction X is in the direction of the mean Moon- 
Earth line. 
centric equatorial plane. 
Moon's mean spin axis. 
also included. 

The 38 
-J 

The principal plane ( X u )  is the mean seleno- 
2 is along the direction of the 

Miscellaneous parameters a r e  
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Table IV-3 (Cont'd) 

ROW 34 

ROW 35 

ROW 36 

ROW 37 

ROW 38 

9 Z 

DZ 

R 
DEC 
RA 
V 
PTH 

AZ 

R 
LAT 
LON 
VR 
RTR 

AZR 

L TS 
LNS 
LTE 
LNE 

ALT 
SHA 
ALP 
DR 

DP 

ASD 

Cartesian components of the probe radius vector 
(Kilometers ). 

Cartesian components of the probe velocity vector 
(Kilometers /Second). 

Probe radius distance (Kilometers). 
Probe declination angle (Degrees). 
Probe right ascension angle (Degrees). 
Probe space-fixed velocity (Kilometers /Second). 
Pitch angle of the probe space-fixed velocity vector with 
respect of the local horizontal (Degrees). 
Azimuth angle of the probe space-fixed velocity vector 
measured east of true north (Degrees). 

Probe radius distance (Kilometers). 
Probe selenocentric latitude (Degrees). 
Probe selenocentric east longitude (Degrees). 
Probe selenocentric-fixed velocity (Kilometers/Second). 
Pitch angle of the probe selenocentric-fixed velocity vec- 
to r  with respect to the local horizontal (Degrees). 
Azimuth angle of the probe selenocentric-fixed velocity 
vector measured east of the Moon's mean spin axis (Degrees). 

Selenocentric latitude of the Sun (Degrees). 
Selenocentric longitude of the Sun (Degrees). 
Selenocentric latitude of the Earth (Degrees). 
Selenocentric longitude of the Earth (Degrees). 

Altitude of the probe above the Moon's surface (Kilometers). 
Sun shadow parameter (Kilometers). 
Illuminated crescent orientation viewing angle (Degrees). 
First time derivative of the probe radius distance 
(Kilometers /Second). 
First time derivative of the probe radius direction 
(Degrees/Second). 
Angular semi-diameter of Moon as seen from the probe 
(Degrees). 
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ROW 39 

GROUP G 

ROW 40 

ROW 41 

ROW 42 

HGE 

SVL 

HNG 

SIA 

SMA 

ECC 
INC 

LAN 
APF 
RCA 

VH 
c 3  

c1 
SLR 
APO 
TFP  

TA 
EA 
MA 
DAO 
RAO 
MTA 

Table IV-3 (Cont'd) 

Right ascension of Earth in probe coordinate system** 
(Degrees). 
Declination of the Moon in probe coordinate system+* 
(Degrees). 
Right ascension of the Moon in probe coordinate system*:% 
(Degrees). 
Earth-Probe-Moon angle minus ASD (Degrees). 

Characteristics of the selenocentric conic in the geocentric 
equatorial system described under Group B except cen- 
tered at the Moon. 

Semi-major axis (Kilometers). 
Eccentricity. 
Inclination of the orbit plane to the equatorial plane 
(Degrees). 
Longitude of the ascending node (Degrees). 
Argument of pericenter (Degrees). 
Magnitude of the closest approach vector (Kilometers). 

Hyperbolic excess speed (Kilometers /Second). 
Twice the energy (Vis  viva energy integral, Kilometers / 
Second ). 

2 Angular momentum (Kilometers /Second). 
Semi-latus rectum (Kilometers). 
Apogee distance (Kilometers). 
Time from pericenter passage (Seconds). 

2 

2 

True anomaly (Degrees). 
Eccentric anomaly (Degrees). 
Mean anomaly (Degrees). 
Declination of the outgoing asymptote (Degrees). ;:: 
Right ascension of the outgoing asymptote (Degrees). 'k 
Maximum true anomaly (Degrees). 

Q See nomenclature. 
:::+ Same coordinate system as defined under B except centered at the probe. 
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Table IV-3 (Cont'd) 

ROW 43 

ROW 44 

ROW 45 

ROW 46 

ROW 47 

wz 

PZ 

R Z  

sxo 
SYO) 

SYI } 

szo 
DAO 

RAO 
T F  

SXI 

s ZI 
TX 

TZ 

BZ 
MX 

MZ 

Components of a unit vector normal to the conic 
A d  

R X V  
1 %  x v"l 

Components of a unit vector in the direction of perigee. 

Components of a unit vector perpendicular to the perigee 
direction, vector P, and being in the orbit plane Q = W x P 

4 4 * -  

4 

Components of the unit vector R. * 

4 

Components of the unit vector So along the direction of 
the outgoing asymptote. ;k 

Declination of the outgoing asumptote"(Degrees). 
Right ascension of the outgoing asymptote96(Degrees). 
Time from injection to epoch of pericenter passage (Hours). 

Components of the unit vector SI along the direction of 
the incoming asymptate. 

Components of the unit vector T. 

-I 

Components of the impact parameter B (Kilometers). 

Components of a unit vector which lies in the orbit plane 

I? 
4 - 

IG I and is normal to the radius vector R. l?I = I% x 

:: See nomenclature. 
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Table IV-3 (Cont'd) 

-4 

ROW 48 go'? 

g * G  

Projection of the impact parameter B upon the vector T' 
(Kilometers ) . :% 

Projection of the impact parameter B upon the vector R 
(Kilometers). * 
The magnitude of the impact parameter (Kilometers). 4 

4 + 

B 
P E R  Period (Minutes). 

ROW49 OP1 Approximate first pitch turn during terminal maneuver 
(Degrees). 
Approximate yaw turn during terminal maneuver (Degrees). 
Approximate second pitch turn during terminal maneuver 
(Degrees ). 

OY 
OP2 

ROW50 BTE Component of the B vector parallel to the Earth's equator 
(Kilometers). 
Component of the B vector normal to the Earth's equator 
(Kilometers). 

BRE 

BTO = B * T  
BRO = B-R 

ROW51 G P  Angle between the incoming asymptote direction and the 
orbital plane of the target (Degrees). 
Captive radius measured from the center of the target 
to the incoming asymptote (Kilometers). 

IR 

THA Angle between the vector and the 'ii direction. 

GROUP H Cartesian coordinates and epoch of injection conditions in 
the geocentric equatorial system described under Group B. 

Cartesian components of the probe radius vector in 
octal representation (Kilometers). 

R O W 4 7  XOCTAL 
YOCTAL 
ZOCTAL 

Cartesian components of the probe space-fixed 
velocity vector in octal representation (Kilometers / 1 Second). 

XOCTAL 
+OCTAL 
 OCTAL 

:% See nomenclature. 

IV-51 



EPD- 105 VOLUMN I1 Section IV 

ROW 48 

YY 
MM 
DDD 
HH 
TT 
sssss 
SOCTAL 

Table IV-3 (Cont'd) 

Epic of injection. 
Years past 1900 
Month 
Day of Month 
Hours 
Minutes 
Milliseconds 
Seconds in octal representation 

The time past midnight Greenwich Meridian Time on 
(DD), month (MM) and year (YY + 1900) at which the 
injection epoch occurs is the time determined by the 
sum of KH, TT, SSSSS, and SOCTAL. 
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SECTION V 

NOMENCLATURE 

Definition of the Miss  Parameter B 
The miss  parameter B is used at the Je t  Propulsion Laboratory to measure miss dis- 

tance for lunar and interplanetary trajectories and is described by W. Kizner in Reference 3 .  
B has the desirable feature of being very nearly a linear function of changes in injection con- 
ditions. 

- 

- 
The osculating conic at closest approach to the target body is used in defining E. B is 

Let 31 
in the plane 

the vector from the target's center of mass perpendicular to the incoming asymptote. 
be a unit vector in the direction of the incoming asymptote. 
normal to SI is described in terms of two unit vectors 
parallel to a fixed reference plane and 
ure  1 illustrates the situation. 

The orientation of 
- 

and T, normal to 91. T is taken 
completes a right-handed orthogonal system. Fig- 

For  the RA-5 mission the orbital plane of the moon is used as the reference plane for 
If w is a unit vector normal to the orbital plane (w in direction of KM XTM, where EM - 

T. 
is radius vector to Moon from Earth and VM is the space-fixed velocity vector of the Moon 
relative to the Earth's center) then T = SI x w defines the coordinate system. 

PLANE OF THE 

TRAJECTORY 

TARGET-CENTERED 
HYPERBOLA 

Figure 1. Definition of B e  T, B - 4 System 
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SECTION VI 
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